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Nan-Hyung Kim1 and Ai-Young Lee1
Activation of the phosphatidylinositol 3-kinase (PI3K)/AKT pathway is critical for the survival of differentiating
cells and depends on the E-cadherin–catenin complex. In an earlier study we showed impaired PI3K/AKT
activation in vitiliginous keratinocytes (KCs). Recently, aquaporin3 (AQP3) has been reported to co-accumulate
with E-cadherin in forming cell-to-cell contacts. Therefore, we examined the expression of AQP3 in vitiliginous
KCs and the role of AQP3 in KC survival and differentiation by comparing downstream signaling molecules.
AQP3 protein expression was significantly decreased in the depigmented epidermis compared with the
normally pigmented epidermis of patients with vitiligo. Transfection of cultured normal human KCs with AQP3
small interfering RNA (siRNA) reduced the expression levels of phosphorylated PI3K, E-cadherin, b-catenin, and
g-catenin, regardless of the calcium concentration. These downstream signaling molecules were also decreased
in the depigmented epidermis. The results of immunoprecipitation and double staining confirmed
colocalization of AQP3 with E-cadherin, as well as an active role of AQP3 in E-cadherin expression of cell-to-
cell contacts. Moreover, AQP3 knockdown induced no increase in differentiating markers at high calcium
concentrations and reduced survival of KCs, suggesting that reduced AQP3 in vitiliginous KCs might be
responsible for their reduced survival.
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INTRODUCTION
Vitiligo is an acquired disorder, with underlying genetic
susceptibility, characterized by the death or loss of skin
melanocytes and hence reduced melanin pigmentation
(Le Poole et al., 1993; Njoo and Westerhof, 2001). The
etiology of vitiligo has not been specifically identified to date.
Epidermal melanocytes form functional and structural units
with keratinocytes (KCs), and structural abnormalities in the
KCs (Moellmann et al., 1982; Bhawan and Bhutani, 1983)
have been associated with functional changes in patients
with vitiligo (Maresca et al., 1997). We have previously
shown that significantly more KCs undergo apoptosis in the
depigmented epidermis compared with the normally pig-
mented epidermis (Lee et al., 2004) of patients with vitiligo,
resulting in passive melanocyte death from reduced synthesis
of keratinocyte (KC)-derived factors needed for melanocyte
survival (Lee et al., 2005).
KCs are specialized epithelial cells, and their development
and homeostasis requires multiple signaling pathways.
Activation of AKT has been reported to be involved in the
initiation of KC terminal differentiation and activation of
phosphatidylinositol 3-kinase (PI3K) has been reported to be
required for differentiation to proceed (Janes et al., 2004;
Calautti et al., 2005; Thrash et al., 2006). Although PI3K
exerts its effects through AKT, PI3K activation has been
shown to be required for the early stages of terminal
differentiation (Janes et al., 2004) and AKT activation has
been shown to be involved in the late stages (O’Shaughnessy
et al., 2007). Apoptosis of KCs shares a number of features
with KC terminal differentiation. Targeted reduction of AKT1
expression results in significant cell death in the suprabasal
layers (Thrash et al., 2006) and inhibition of PI3K increases
susceptibility to apoptosis of KCs with selective death of
differentiating KCs (Calautti et al., 2005), indicating that PI3K/
AKT signaling is critical for the survival of differentiating
cells. In fact, in a recent study reported from this laboratory,
increased apoptosis of vitiliginous KCs was found to be
caused by impaired PI3K/AKT activation, which resulted in
reduced activation of NF-kB, in the presence of increased
TNF-a levels (Kim et al., 2007).
Activation of PI3K depends on both E-cadherin-dependent
cell adhesion and tyrosine phosphorylation events (Miettinen
et al., 1995; Peng et al., 2003). E-cadherin has a pivotal role
in KC cell-to-cell adhesion and differentiation (Fuchs and
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Raghavan, 2002; Tinkle et al., 2004). The intracellular
domain of E-cadherin binds directly to b- and g-catenin.
The N-terminal portions of both b- and g-catenin interact
with a-catenin, which links E-cadherin to the underlying
actin cytoskeleton (Wheelock et al., 2008). Cadherin inhibi-
tion has also been reported to increase apoptosis (Tinkle
et al., 2008).
Aquaporin3 (AQP3) has been identified in multiple
epithelial tissues as a transmembrane protein, which has
been localized to the basolateral membrane (Frigeri et al.,
1995). In the skin, AQP3 is detected in the epidermal KCs
below the stratum corneum and is known to be involved in
skin hydration (Sougrat et al., 2002). Recently, it has been
reported that the basolateral membrane AQP3 is delivered to
post-Golgi structures directly for the formation of cell-to-cell
contacts, where it co-accumulates with E-cadherin (Nejsum and
Nelson, 2007). These findings suggest a connection between
AQP3 and PI3K through the E-cadherin–catenin complex.
We previously showed impaired PI3K/AKT activation in
vitiliginous KCs. In this study, we sought to examine the
expression of AQP3 in the vitiliginous epidermis. The role of
AQP3 in epidermal KC survival was also examined by
studying the downstream signaling molecules using cultured
KCs transfected with an AQP3 knockdown. The expression
levels of AQP3 were decreased in the depigmented epidermis
compared with normally pigmented epidermis. Localization
and expression levels of AQP3 were associated with those of
E-cadherin. Cultured KCs with AQP3 knockdown had
reduced survival of the KCs, with lower levels of E-cadherin,
activated AKT1, and activated PI3K.
RESULTS
Reduced AQP3 protein expression in depigmented epidermis
The expression levels of AQP3 were significantly (P¼0.001)
lower in the depigmented epidermis compared with
the normally pigmented epidermis of all 10 specimens
(Figure 1a). A more than twofold decrease in AQP3
expression (12.9 fold) was also detected with cell adhesion-
or cell junction- related genes, such as desmocollin 1 (2.3),
periostin (7.2), junction plakoglobin(g-catenin; 9.4),
plakophilin3 (3.2), by microarray analysis, which compared
cultured KCs from depigmented epidermis with those from
normally pigmented epidermis. The immunohistochemical
staining with anti-AQP3 antibody, which was localized to the
nucleated cell borders, confirmed that the staining intensity
was significantly weaker in the depigmented epidermis
(Figure 1b).
AQP3 knockdown reduced E-cadherin, b- and c-catenin, and
phosphorylated PI3K
Because of interaction between the PI3K/AKT activation and
E-cadherin/catenin complex (Miettinen et al., 1995; Peng
et al., 2003; De Santis et al., 2009), and co-accumulation of
AQP3 with E-cadherin (Nejsum and Nelson, 2007), the
interaction between AQP3 and PI3K, as well as other
molecules, was examined using cultured KCs transfected
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Figure 1. Reduced aquaporin3 (AQP3) protein expression in depigmented epidermis. (a) Western blot analysis with anti-AQP3 antibodies was performed.
The expression levels of AQP3 protein were decreased in the depigmented (L) compared with the normally pigmented (N) suction blistered epidermis among all
10 patients with vitiligo. The differences were statistically significant (P¼ 0.006). (b) The immunohistochemical staining showed that the cells stained with
anti-AQP3 antibody emitted a green fluorescence. The nuclei were counterstained with Hoechst 33258 emitting a blue fluorescence. The cells stained with
anti-AQP3 antibodies were detected at the cell-to-cell contacts of nucleated cells in the normally pigmented epidermis. The staining intensity was
significantly reduced in the depigmented epidermal specimens (bar ¼ 50 mm).
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with AQP3 small interfering RNA (siRNA) or with oligo
control siRNA.
For the AQP3 knockdown, three types of AQP3 siRNA
were used to minimize the off-target effects of these
oligonucleotides. These AQP3 siRNAs downregulated phos-
phorylation of PI3K-p85a, a regulatory subunit of class IA
PI3K, and the transfection rate of each siRNA was associated
with the efficacy of each PI3K downregulation (Figure 2a
and b). The most effective one that significantly (Po0.01)
decreased the phosphorylation of PI3K-p85a was chosen for
further experiments (Figure 2b). Western blot analysis with
plasma membrane lysates showed a significant decrease in b-
catenin as well as E-cadherin and g-catenin in the KCs
transfected with the AQP3 siRNA knockdown compared with
the controls (Figure 2c), whereas those with the total cell
lysates did not (data not shown). Moreover, immunoprecipi-
tation usingPI3K-p85a showed that reduced amounts of
E-cadherin and b-catenin were bound to PI3K with the
AQP3 knockdown (Figure 2d). However, treatment with
wortmannin, a PI3K inhibitor, did not reduce AQP3 expres-
sion, whereas it reduced the expression of E-cadherin and
b-catenin (Figure 2e).
Colocalization of AQP3 with E-cadherin in cultured
keratinocyes and vitiligo epidermis
The AQP3 knockdown reduced E-cadherin levels in the
plasma membrane fraction (Figure 2c), suggesting impaired
cell-to-cell adhesion. AQP3 protein was localized to the cell
borders of viable cells, and its expression was reduced in the
depigmented epidermis (Figure 1b). To examine the coloca-
lization of these molecules, double staining using anti-AQP3
and E-cadherin antibodies was carried out in the cultured KCs
and vitiligo epidermal specimens.
AQP3 and E-cadherin were colocalized at cell-to-cell
contacts with similar staining intensity. AQP3 knockdown
reduced the AQP3 as well as E-cadherin expression in the
cell-to-cell contacts of the cultured KCs (Figure 3a).
Colocalization of AQP3 with E-cadherin was also examined
in the vitiligo epidermis. The staining intensities of E-cadherin
and AQP3 were both reduced in the depigmented epidermis
compared with the normally pigmented epidermis, regardless
of the methods used for collecting the skin specimens, either
suction blistering (Figure 2b) or biopsy (Figure 3c).
Reduced expression of downstream signaling molecules in vitiligo
The levels of AQP3 expression in cultured KCs affected the
downstream signaling molecules, including E-cadherin,
b-catenin, g-catenin, and PI3K. Whereas the expression of
AQP3 was decreased in the depigmented epidermis com-
pared with the normally pigmented epidermis in vitiligo
patients (Figure 1a and b), we compared these downstream
signaling molecules between the depigmented and normally
pigmented epidermal specimens.
Similar to the in vitro findings, the phosphorylated PI3K
was decreased in the depigmented epidermis compared with
the normally pigmented epidermis (Figure 4a). Moreover, the
levels of phosphorylated AKT1 were significantly (P¼0.007)
decreased in the depigmented epidermis (Figure 4a). The
expression levels of E-cadherin, b-catenin, and g-catenin
were also significantly decreased in the depigmented
epidermal specimens (P¼ 0.002, P¼0.004, and P¼0.002,
respectively; Figure 4b). The difference in the AQP3 levels
between the depigmented epidermis and the normally
pigmented epidermis, in the plasma membrane lysates
(Figure 4b), was more significant than in the total cell lysates
(data not shown).
AQP3 knockdown and KCs undergoing differentiation
As E-cadherin mediates cell-to-cell adhesion through cal-
cium-dependent interaction with its extracellular domain,
and the PI3K/AKT pathway is required for KC differentiation
as well as survival of differentiating cells (Calautti et al.,
2005; Thrash et al., 2006), the effects of the AQP3 knock-
down on markers of early and late KC differentiation, such as
K14, K10, involucrin, and loricrin, in the KCs cultured at low
(0.03mM) and high (1.2mM) calcium concentrations were
examined.
The levels of AQP3 expression were increased at high
calcium concentration. The effect of calcium on the
differentiation markers, such as K10, involucrin, and loricrin,
was observed in the absence of AQP3, but not in the
presence of the AQP3 knockdown (Figure 5). With K14, the
calcium effect was not found with regard to the presence or
absence of AQP3 siRNA (Figure 5).
AQP3 knockdown reduced survival of KCs
To determine the effect of AQP3 downregulation on KC
survival, the 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide assay was carried out using cultured KCs
with and without the AQP3 knockdown at low and high
calcium concentrations (Figure 6). Compared with the
control cells the cultured KCs with the AQP3 knockdown
showed a significantly (Po0.001) reduced number of
surviving KCs, regardless of the calcium concentration
(Figure 6). The effect of AQP3 on KC survival was more
significant than the calcium concentration (Figure 6).
DISCUSSION
AQP3 has been shown to be involved in skin hydration
(Sougrat et al., 2002) and in the cell energy generation
associated with cell growth as well as tumorigenesis (Hara-
Chikuma and Verkman, 2008). However, the role of AQP3 in
vitiligo is unknown. In this study, we showed that AQP3
expression was decreased in the depigmented epidermis
compared with the normally pigmented epidermis of patients
with vitiligo, and studied its interaction with E-cadherin,
which might result in reduced KC survival.
The downregulation of AQP3 in the microarray analysis of
vitiliginous KCs was confirmed by western blot analysis
(Figure 1a) as well as immunohistochemistry (Figure 1b) of
in vivo epidermal specimens. Moreover, localization of
AQP3 protein at cell-to-cell contacts on immunohistochem-
ical staining (Figure 1b) confirmed that AQP3 is a transmem-
brane protein (Frigeri et al., 1995).
PI3K activation depends on E-cadherin-dependent cell
adhesion (Miettinen et al., 1995; Peng et al., 2003; De Santis
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Figure 2. Aquaporin3 (AQP3) knockdown and expression of downstream signaling molecules. (a) Cultured normal human keratinocytes (KCs) were
transfected with three types of AQP3 small interfering RNAs (siRNAs). The transfection rate of each siRNA and control oligo (control siRNA) was measured
with real time-PCR. (b) Western blot analysis showed the association of expression levels between phosphorylated phosphatidylinositol 3-kinase (PI3K) -p85a
and AQP3. The graph showed the best transfection rate of the second AQP3 siRNA. (c) The representative western blotting data and graph of plasma
membrane lysates with the AQP3 knockdown are shown. Integrin a2 was used as the internal standard. (d) The immunoprecipitation assay using anti-PI3K
antibody showed reduced binding of E-cadherin and b-catenin to PI3K-p85a with the AQP3 knockdown. (e) The treatment with wortmannin, a PI3K inhibitor,
reduced phosphorylated PI3K, E-cadherin, and b-catenin, but not AQP3.
2234 Journal of Investigative Dermatology (2010), Volume 130
N-H Kim and A-Y Lee
Reduced AQP3 Expression in Vitiliginous Keratinocytes
et al., 2009). AQP3 has been reported to directly target
E-cadherin-mediated cell-to-cell adhesion (Nejsum and
Nelson, 2007), suggesting that AQP3 may have a role in
the PI3K activation with E-cadherin. In fact, the down-
regulation of AQP3, in cultured normal human KCs, resulted
in significantly decreased phosphorylation of PI3K-p85a
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Figure 3. Colocalization of aquaporin3 (AQP3) with E-cadherin (E-cad). (a) Double staining using anti-AQP3 and E-cadherin antibodies was performed
in the cultured keratinocytes (KCs) in the absence (A, B, C) or presence (D, E, F) of AQP3 downregulation. The cells stained with anti-AQP3 antibody emitted a
green fluorescence (A, D), whereas those stained with anti-E-cadherin antibody emitted a red fluorescence (B, E). (b) The same double staining was performed in
the normally pigmented (N; A, B, D) and depigmented (L; E, F, H) epidermis collected from suction blistering, although the nuclei were counterstained
with Hoechst 33258 emitting a blue fluorescence (C, G). (c) The same double staining was observed in the normally pigmented (N; A, B, C, D) and depigmented
(L; G, H, I, J) epidermis collected from skin biopsies. The higher-magnification photographs from the normally pigmented (E, F) and depigmented (K, L)
are included (bar ¼50 mm).
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(Figure 2b) and the expression of the E-cadherin–catenins
(Figure 2c). AQP3 knockdown also reduced binding of E-
cadherin and b-catenin to the same quantities of PI3K-p85a
(Figure 2d). Moreover, wortmannin inhibited E-cadherin–ca-
tenin and phosphorylated PI3K, but not AQP3 protein
expression (Figure 2e), suggesting that AQP3 is an upstream
signaling molecule of PI3K and E-cadherin–catenin. The
interaction between AQP3 and E-cadherin was also con-
firmed by the results of double staining using cultured KCs in
the absence or presence of AQP3 siRNA transfection of
vitiligo epidermal specimens. The reduction of AQP3 and
E-cadherin at the cell-to-cell contacts in the depigmented
epidermis (Figure 3b and c) as well as in the cultured KCs
with AQP3 knockdown (Figure 3a) indicated a functional link
between them, although further studies are required to
determine whether AQP3 acts through E-cadherin. No
difference was detected in the epidermal specimens collected
by suction blistering (Figure 3b) or skin biopsy (Figure 3c).
The results of this study showed that in cultured KCs as
well as in vivo specimens, the effects of the AQP3 knock-
down on E-cadherin, g-catenin, and particularly b-catenin
were more prominent in the plasma membrane lysates
(Figure 2c and Figure 4b) compared with the whole-cell
lysates (data not shown). This finding suggests that the AQP3-
related processes occurred in the plasma membrane and that
the differences observed may be attributed to the subcellular
distribution of each protein. In fact, E-cadherin was expressed
in all epidermal cell surfaces, whereas b-catenin was
distributed throughout the cells. In the case of b-catenin, its
subcellular location regulates its function, such as oncogen-
esis in the cytoplasm and nucleus, and cell-to-cell adhesion
in the membrane-bound form (Dietrich et al., 2002). These
findings suggest an association between the membrane-
bound b-catenin with AQP3 and E-cadherin.
Cadherin is involved in the calcium-dependent cell-to-cell
adhesion of molecules. Intracellular calcium increases
induce PI3K recruitment, and its recruitment to the
E-cadherin–catenin complex at the plasma membrane is
required for calcium-induced KC differentiation (Xie and
Bikle, 2007). In fact, the PI3K phosphorylation and the
E-cadherin–catenin expression were increased at a high
calcium concentration (data not shown). Activation of the
PI3K/AKT pathway has been reported to be required for KC
differentiation (Janes et al., 2004; Calautti et al., 2005; Thrash
et al., 2006). Because of the interaction between AQP3 and
E-cadherin as well as between AQP3 and PI3K, a role for
AQP3 in KC differentiation was expected. Although the
effects of AQP3 on KC differentiation continue to be debated
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Figure 4. Reduced expression of downstream signaling molecules in vitiligo epidermis. The downstream signaling molecules from depigmented (L)
suction blistered epidermis were compared with molecules from normally pigmented (N) epidermis in 10 vitiligo patients using total cell lysates or plasma
membrane lysates. The data are representative of data from the 10 vitiligo patients. (a) The expression of phosphorylated phosphatidylinositol 3-kinase (PI3K)
was decreased with a significant decrease in phosphorylated AKT1 (P¼ 0.007) in the total cell lysates of depigmented compared with normally pigmented
epidermis. (b) The levels of E-cadherin, b-catenin, and g-catenin expression were significantly decreased (P¼ 0.002, P¼0.004, P¼0.002, respectively)
in the plasma membrane lysates of the depigmented epidermis. AQP3, aquaporin3.
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(Bollag et al., 2007; Hara-Chikuma et al., 2009), it has been
reported that AQP3 increases the promoter activity of the
early differentiating marker K10 (Bollag et al., 2007),
consistent with the findings that the PI3K/AKT pathway has
higher levels of K10 (K1; Calautti et al., 2005). In fact,
increased expression of K10, involucrin, and loricrin at a high
calcium concentration was found in the presence, but not in
the absence, of AQP3 (Figure 5), suggesting a role for AQP3
in KC differentiation.
The AQP3 knockdown decreased the number of surviving
KCs in this study (Figure 6). Moreover, the effect of AQP3
downregulation was more significant than an increase in
calcium for KC survival (Figure 6). The downstream signaling
molecules of AQP3 (Figure 2b, c, and d), such as PI3K,
E-cadherin, and the catenins, are involved in the regulation
of cell survival. Targeted reduction of AKT1 expression
results in significant cell death in the suprabasal layers
(Thrash et al., 2006), and inhibition of PI3K increases the
susceptibility of KCs to apoptosis, with the selective death of
differentiating KCs (Calautti et al., 2005). Cadherin inhibition
increases apoptosis (Tinkle et al., 2008). Irradiated KCs
also undergo apoptosis whenever E-cadherin and b-catenin
are proteolytically cleaved by ultraviolet B (Hung et al.,
2006). In fact, the treatment of a PI3K inhibitor showed that
AQP3 is an upstream signaling molecule of PI3K and
E-cadherin–catenin (Figure 2e). The results of double
staining showed a functional link between AQP3 and
E-cadherin (Figure 3). Moreover, phosphorylation of BAD,
which has been reported to be an AKT downstream molecule
and to affect cell survival and suppression of apoptosis
(Oh et al., 2009), was reduced in the cultured keratinocytes
with AQP3 knockdown (data not shown). Therefore, the
reduced cell survival in the AQP3 downregulation may
result from the interaction with these downstream molecules.
The association of AQP3 knockdown with reduced survival
of cells may suggest that it has a role in vitiligo, as reduced
survival of KCs might affect passive melanocyte death by
the production of reduced amounts of KC-derived growth
factors (Lee et al., 2005). Moreover, E-cadherin has been
shown to be primarily responsible for the adhesion
of cultured melanocytes to KCs (Tang et al., 1994). Contacts
between melanocytes and KCs are important for the
control of melanocyte growth (Valyi-Nagy et al., 1993;
Hirobe, 1994).
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Figure 5. Effect of aquaporin3 (AQP3) knockdown on kerotinocytes (KCs) undergoing differentiation. (a) Total cell lysates were prepared 24hours after the
transfection of AQP3 and compared with control small interfering RNAs (siRNAs). The expression of K10, involucrin, loricrin, and K14 was compared between
low (low: 0.03mM) and high calcium (high: 1.2mM) concentrations. The downregulation of AQP3 decreased the expression levels of K10, involucrin, and
loricrin at the high calcium, but not at the low calcium concentration. No change was detected in K14 levels in the presence or absence of either AQP3
downregulation or a high calcium concentration. The levels of AQP3 protein expression were also decreased more with AQP3 downregulation at a high calcium
concentration.
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Figure 6. Aquaporin3 (AQP3) knockdown with reduced survival of
keratinocytes (KCs). The effect of AQP3 knockdown on the survival of
cultured normal human KCs was examined 48 hours after the transfection at
both low calcium (low: 0.03mM) and high calcium (high: 1.2mM)
concentrations. The AQP3 knockdown compared with the control specimens
significantly (Po0.001) decreased the number of viable KCs at both low
calcium and high calcium concentrations. The effect from the AQP3
knockdown was greater than an increase in calcium concentration.
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In summary, expression of AQP3 was downregulated in
the depigmented vitiligo epidermis. The colocalization of
AQP3 with E-cadherin and their concurrent downregulation
may result in reduced survival of KCs. In turn, a reduction in
the KC-derived growth factors for melanocytes is consistent
with passive melanocyte death.
MATERIALS AND METHODS
Patients
Among 10 patients diagnosed with vitiligo, four men and six women,
between 7 and 43 years (mean age 29) of age, were included in this
study. Three had segmental vitiligo and seven had the generalized
type. None of the patients had received treatment within the
previous 2 months. The institutional board of Dongguk University
Hospital approved this study and the study was conducted according
to the Declaration of Helsinki Principles. After obtaining written
informed consent, a negative pressure, between 200 and
250mmHg, was applied to the normally pigmented and depigmen-
ted skin of each patient with vitiligo for 2–3 hours to induce a suction
blister. The roofs of the suction blister from the normally pigmented
and depigmented epidermis were removed for direct comparisons.
Control skin was taken from the lower abdominal region.
Normal human epidermal KC cultures
Skin specimens obtained from repeat cesarean sections and
circumcisions were used for cultures. The epidermis was separated
from the dermis and suspensions of individual epidermal cells were
prepared. The cells were suspended in EpiLife Medium (#M-EPI-500-
CA; Cascade Biologics, Portland, OR) supplemented with bovine
pituitary extract, bovine insulin, hydrocortisone, human epidermal
growth factor, and bovine transferrin (#S-001-5; Cascade Biologics).
The EpiLife Medium contains 0.03mM of calcium, a low calcium
concentration. To prepare high calcium concentration, 1.2mM of
calcium chloride was added to the medium. KCs from passages 3 or
4 were used in the experiments. All procedures were carried out
three times per cell line. Using three cell lines, a total of nine
procedures for each experiment were performed.
AQP3 RNA interference
Custom stealth RNA interference duplexes for AQP3 were chemi-
cally synthesized by Invitrogen (Carlsbad, CA). KCs were transfected
with three different AQP3 stealth siRNAs (AQP3 siRNAs: 1, 2, 3) and
negative control stealth siRNA (Invitrogen) using Lipofectamine
LTX (Invitrogen), according to the manufacturer’s instructions.
Each experiment was performed 6, 24, or 48 hours after the
transfection.
Treatment of KCs with a PI3K inhibitor
The EpiLife Medium with supplements was changed to supplement-
starved medium for 18 hours. The cells were then treated with 1 mM
wortmannin (Calbiochem, La Jolla, CA), a PI3K inhibitor. Three cell
lines were examined.
Real time-PCR
The level of AQP3 mRNA relative to glyceraldehyde-3-phosphate
dehydrogenase was measured by quantitative real-time PCR using
the Light Cycler real-time PCR (Roche, Mannheim, Germany). The
primers used were as follows: AQP3 (NM004925): 50-ACCTTTG
CCATGTGCTTCCT-30 (forward) and 50-GCGTCTGTGCCAGGGTG
TA-30 (reverse), glyceraldehyde-3-phosphate dehydrogenase: 50-TCC
ACTGGCGTCTTCACC-30 (forward) and 50-GGCAGAGATGATGAC
CCTTT-30 (reverse).
Western blot analysis
Western blot analysis was performed as described previously
(Lee et al., 2004). Briefly, depigmented and normally pigmented
epidermal specimens from patients and cultured KCs were
homogenized in ice-cold homogenization buffer. KC membrane
lysates were prepared using the Mem-PER eukaryotic membrane
protein extraction reagent kit (Pierce Biotechnology, Rockford, IL).
The protein concentration of the lysate was measured by using the
bicinchoninic acid protein assay kit (Pierce Biotechnology). Equal
quantities of extracted proteins (30 mg) were resolved using 10%
SDS-PAGE and transferred onto nitrocellulose membranes. After
blocking, the membranes were incubated with anti-human AQP3
(rabbit polyclonal; Chemicon, Temecula, CA), K10, K14, and g-
catenin (mouse monoclonal; Santa Cruz Biotechnology, Santa Cruz,
CA), E-cadherin, b-catenin, p-PI3K, and PI3K antibodies
(rabbit polyclonal; Cell Signaling Technology, Beverly, MA),
p-AKT1 (Ser473), and AKT, and were further incubated with anti-
rabbit or anti-mouse horseradish peroxidase-conjugated antibodies
(Jackson Laboratories, West Grove, PA). After treatment with an
enhanced chemiluminescence solution (ECL kit; Amersham Life
Sciences, Buckinghamshire, UK), the signals were captured on an
image reader (LAS-3000; Fuji Photo Film, Tokyo, Japan). To monitor
the amount of protein loaded into each lane, the membranes were
reprobed with a mouse monoclonal anti-actin (Sigma-Aldrich,
St Louis, MO) or anti-integrin-a2 (rabbit polyclonal; Santa Cruz
Biotechnology) antibody for the total cell lysates or plasma
membrane lysates, respectively. The protein bands were analyzed
by densitometry.
Immunohistochemistry
For immunofluorescence staining of AQP3, after deparaffinization
and rehydration, the sections were preincubated with 3% bovine
serum albumin and then reacted sequentially with 1:100 anti-AQP3
antibodies (rabbit polyclonal, Chemicon) and Alexa Fluor-labeled
goat anti-rabbit IgG (488; Molecular Probes, Eugene, OR).
For double staining, after the blocking with bovine serum albumin,
the cultured cells or sections were reacted sequentially with
anti-AQP3 antibodies and 1:200 Alexa Fluor-labeled goat anti-
rabbit IgG. Then, the cells or sections were reacted sequentially with
anti-E-cadherin (mouse monoclonal; Santa Cruz Biotechnology)
and Alexa Fluor-labeled goat anti-mouse IgG (594; Molecular
Probes). The nuclei were counterstained with Hoechst 33258
(Sigma-Aldrich). The stained specimens were evaluated using an
image analysis system (Dp Manager 2.1; Olympus Optical
Co., Tokyo, Japan).
Immunoprecipitation
The cells were solubilized with lysis buffer, and centrifuged at
10,000 g for 10minutes at 4 1C. Supernatants were incubated with
anti-PI3K antibodies and protein A-agarose beads for 2 hours at 4 1C.
The bead-bound proteins were eluted with Laemmli’s sample buffer.
The eluted proteins were analyzed by immunoblotting with anti-E-
cadherin and b-catenin antibodies.
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MTT assay
The viability of the KCs was examined using an 3-(4,5-Dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide assay kit (R&D Systems,
Minneapolis, MN). Each absorbance was measured at the 570 nm
spectrum.
Statistical analysis
The Wilcoxon signed rank test for correlated samples was used to
compare differences between the depigmented and the normally
pigmented samples. The same method was applied to the in vitro
cultured KCs transfected with or without AQP3 siRNA. A P value of
less than 0.05 was considered to be statistically significant. All
results were expressed as the means ± SD of the combined data
from repeated experiments.
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